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 ,QWURGXFWLRQ
(QHUJ\LVDQHVVHQWLDOIDFWRUIRUWKHVRFLDODQGHFRQRPLFGHYHORSPHQWRIWKHVRFLHWLHV5HQHZDEOH
HQHUJ\LVDFFHSWHGDVDNH\VRXUFHIRUWKHIXWXUHRQWKLVHDUWK7KHFRPELQHGHIIHFWVRIWKHGHIOHFWLRQRI
IRVVLOIXHOVDQGWKHJUDGXDOO\HPHUJLQJFRQVFLRXVQHVVDERXWHQYLURQPHQWDOGHJUDGDWLRQKDYHJLYHQWKH
ILUVWSULRULW\WRWKHXVHRIUHQHZDEOHDOWHUQDWLYHHQHUJ\UHVRXUFHVLQWKHVWFHQWXU\$OORIUHQHZDEOH
VRODUWKHUPDOHQHUJ\LVFRQVLGHUHGWREHSUDFWLFDOO\XQOLPLWHGLQWKHORQJWHUPDQGLVDYHU\DEXQGDQW
UHVRXUFHLQWKHZRUOG0DQ\FRQYHQWLRQDODQGQRQXQFRQYHQWLRQDOWHFKQLTXHVKDYHEHHQGHYHORSHGIRU
SXULILFDWLRQ RI VDOLQH ZDWHU $PRQJ WKHVH ZDWHU SXULILFDWLRQ V\VWHPV VRODU GLVWLOODWLRQ SURYHV WR EH
HFRQRPLFDODQGHFRIULHQGO\WHFKQLTXH
$PRQJWKHQRQFRQYHQWLRQDOPHWKRGVWRGLVLQIHFWWKHSROOXWHGZDWHUWKHPRVWSURPLQHQWPHWKRGLV
VRODU GLVWLOODWLRQ 7KH VRODU GLVWLOODWLRQ PHWKRG LV PRUH DWWUDFWLYH WKDQ RWKHU PHWKRGV 7KLV PHWKRG
UHTXLUHVLPSOHWHFKQRORJ\DVQRVNLOOHGZRUNHUVQHHGHGORZPDLQWHQDQFHDQGLWFDQEHXVHGDQ\ZKHUH
ZLWKRXWSUREOHPV
7KHUHDUHWZRGLIIHUHQWW\SHVRIVRODUV\VWHPVWKRVHDUHDFWLYHW\SHDQGSDVVLYHW\SH,QDFWLYHW\SH
VRODU V\VWHP H[WUD WKHUPDO HQHUJ\ LV VXSSOLHG WR WKH EDVLQ WKURXJK DQ H[WHUQDOPRGH WR LQFUHDVH WKH
HYDSRUDWLRQUDWHDQGSURGXFWLYLW\RISXUHZDWHU3DVVLYHVRODUV\VWHPVJLYHORZHU\LHOGZKHQFRPSDULQJ
ZLWKDFWLYHVRODUV\VWHPV,QWKHSUHVHQWGD\VPRVWRIWKHVRODUVWLOOVDUHSDVVLYHVRODUVWLOOV%HFDXVH
WKH\QHHGRQO\VXQVKLQHWRRSHUDWHLWDQGWKHUHDUHQRPRYLQJSDUWVWRZHDUDQGSRZHUFRQVXPLQJ,QD
SDVVLYH VRODU VWLOO WKHVRODU UDGLDWLRQ LV UHFHLYHGGLUHFWO\E\ WKHEDVLQRU VRODU VWLOOZDWHUDQG LVRQO\
VRXUFHRIHQHUJ\IRUUDLVLQJWKHZDWHUWHPSHUDWXUHVRWKHHYDSRUDWLRQOHDGLQJWRDORZHUSURGXFWLYLW\RI
SXUHZDWHU
7KHSDVVLYHVRODUVWLOORIDFRQYHQWLRQDOGHVLJQLVEDVLFDOO\DVHDOHGHQFORVXUHFRQWDLQLQJDVKDOORZ
ERG\ RI XQLIRUP WHPSHUDWXUH EULQH VROXWLRQ 7KLV EULQH VROXWLRQ LV KHDWHG E\ DEVRUSWLRQ RI VRODU
UDGLDWLRQ DGPLWWHG WKURXJK WKH WRS WUDQVSDUHQW FRQGHQVLQJJODVV FRYHU7KH FRQYHFWLYH FLUFXODWLRQRI
KXPLGDLULQGXFHVWKHWHPSHUDWXUHGLIIHUHQFHEHWZHHQWKHEULQHVROXWLRQDQGWKHWRSFRQGHQVLQJJODVV
FRYHU7KLVFDXVHVWKHWUDQVSRUWRIZDWHUYDSRUIURPWKHEULQHVXUIDFHWRWKHWRSWUDQVSDUHQWJODVVFRYHU
DQGIURPWKHUHLWFRQGHQVHVLQWRWKHGLVWLOODWHFKDPEHU
7KHSDUDPHWHUVZKLFKDUHDIIHFWLQJWKHVRODUVWLOODUHZDWHUGHSWKLQWKHEDVLQPDWHULDORIWKHEDVLQ
ZLQGYHORFLW\VRODU UDGLDWLRQ LQFOLQDWLRQDQJOHRIJODVVFRYHUDQGDPELHQW WHPSHUDWXUH7KH\LHOGRI
ZDWHUIURPWKHVRODUVWLOOLVGHSHQGRQWKHWHPSHUDWXUHGLIIHUHQFHEHWZHHQWKHZDWHULQWKHVRODUVWLOORU
EDVLQDQGJODVVFRYHU LQQHUVLGH WHPSHUDWXUH7KH\LHOGIURPVRODUVWLOO LVGLUHFWO\SURSRUWLRQDO WRWKH
WHPSHUDWXUHGLIIHUHQFHRIZDWHULQVRODUVWLOODQGLQVLGHRIWKHJODVVFRYHU
7KHUPDO SURFHVVHV IRU WKH GLVWLOODWLRQ RI VHDZDWHU DUH NQRZQ WR EH DPRQJ WKH ILUVW WHFKQRORJLHV
DGDSWHGWRVRODUHQHUJ\7KHLGHDRIVDOLQHZDWHUHYDSRUDWLRQE\XVLQJVRODUWKHUPDOHQHUJ\IRUJHWWLQJ
SXUHZDWHULVWKHEHVWWHFKQLTXH,WLVYHU\IRUWXQDWHWKDWLQWLPHVRIKLJKZDWHUGHPDQGVRODUUDGLDWLRQ
LVDOVRLQWHQVH,WLVEHQHILFLDOWRH[SORLWVRODUHQHUJ\GLUHFWO\E\LQVWDOOLQJVRODUVWLOOVEHFDXVHWKH\DUH
FOHDQDQGIULHQGO\WRWKHHQYLURQPHQW
1XPHURXVVWXGLHVRQVRODUVWLOOVRIYDULRXVGHVLJQVWRLQFUHDVHWKHSURGXFWLYLW\RISRWDEOHZDWHUDQG
HIILFLHQF\ RI VRODU VWLOO KDYH EHHQ FDUULHG RXW WKHRUHWLFDOO\ DQG H[SHULPHQWDOO\ 7KH ZRUN GRQH E\
SUHYLRXVUHVHDUFKHUVLQREWDLQLQJGLVWLOOHGZDWHUXVLQJVRODUHQHUJ\LVOLVWHGEHORZ
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